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LG1 cam on

Luan van dugc hoan thanh duéi sy chi bao va huéng dan tan tinh cua
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Thar Nguyén, ngay...thang 4 nam 2019

Hoc vién

Tran Thi Thu Hudng



Phuong phap binh phuong t6i thiéu toan phan (Total least square
-TLS) dugc gidi thiéu béi Golub va Van Loan ...nhu mot ky thuat giai
cac hé "qua xac dinh" (overdetermined system), tic la nhing hé cé
s6 phuong trinh nhiéu hon s6 an c6 dang AX ~ B, v6i cic ma tran
A € R™" va B € R™? cho truéc va X € R™¢ chua biét, dang can
tim. V6i m > n, néi chung khong c6 nghiém chinh xac X cho xap xi
dang tim. Phuong phap binh phuong t6i thiéu toan phan 1a su tong quat
quéa clia phuong phap binh phuong t6i thiéu (Least square -LS) khi ca
ma tran A vA B déu bi nhiéu.

Phuong phép binh phuong téi thiéu toan phan 13 mot ky thuat hiéu
qua dé uSc luong tham s6 tuyén tinh. Bai toan udc lugng tham sb tuyén
tinh da dan t6i moét 16p rong rai cic linh vyc khoa hoc nhu x1t 1y tin hiéu,
diéu khién ty dong,..., va nhiéu tng dung khac trong ki thuat, théng
ke, vat 1y, kinh té, sinh hoc,. ... N6 dugc bat dau bang mot phuong trinh
tuyén tinh sau

Ty + -+ apr, = 6 (0.1)
trong d6 oy, ..., a, va 3 1a cac bién va z = [x1,...,2,]T € R" 1a véc to
tham s6 dic trung cho hé (0.1). Bai toan dit ra la tur dit kién do dugc
nao dé clia cac bién, ta xac dinh mot udc luong ciia tham sb chua biét
theo mot cach dang nhat.

Goi A € R™" la ma tran c6 hang thi ¢ tuong ting chita cac dit kién
a1 =1,...,nva véc td b € R™ chia 5. Khi d6 ta c6 hé

Az =0 (0.2)
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13 hé gom m phuong trinh va n an.

V6i cach tiép can bai toan bing phuong phap binh phuong tdi thiéu
thi ma tran A clia cic dit kien do a; (vé trai ctia (0.2)) dugc gia st 1a
chinh xac, khong c6 sai s6. Do d6, cac sai s6 déu dudc tao ra bdi véc to
quan sat b (tiic 1a vé phéi cia (0.2)). Tuy nhién diéu gia sit nay khong
mang tinh thyc té bdéi tat cac cac sai s6 cua mo hinh, sai s6 do dac ciling
dugc tao ra bdi cac dit kién ctia ma tran A. Tiép can binh phuong téi
thiéu toan phan mang ¥ nghia thyc té hon khi xét sai s6 dudc tao ra ca
G véc to quan sat b va ma tran di lieu A.

Dé minh hoa tinh hitu hiéu ctia phuong phap binh phuong t6i thiéu
toan phan so v6i phuong phap binh phuong téi thiéu, ta c6 thé xét mot
vi du trong truong hgp ta c6 mot tham so, tic 1a véi n = 1. Phuong
trinh (0.1) tré thanh

ar = f. (0.3)

Bai toan dit ra la tit m do dac ctia cac bién a va 3, ta di uéc luong tham

s6 x. Ta sé& di gidi he (0.2) v6i A = [ay,...,an]t va b = [by,...,bp)"
trong do

a; = a) + Aa, (0.4)

voi Aa;, Ab; 14 cac sai s6 cong vao cac dit kién chinh xéac a?

bién o, 5.

Néu o 1a do dudc chinh xac, tic 1a Aa; = 0, khi d6 sai s6 chi xdy ra

b9 clia cac

khi do 3 chita trong vé phai b. Trong trudng hop nay ta cé thé sit dung
phuong phap binh phuong t6i thiéu dé gidi phuong trinh (0.2), tic 1a ta
cuc tiéu hoéa tong cac binh phuong c6 dang

m

Z(bl — aix)Z.

1=1

Trong trudng hop nay, bang cach khai trién tong trén thi cyc tiéu hay
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ubc luong 2’ cia & duge cho bdi cong thic

o Duiz1 b
i1 67
Néu 3 khong c¢6 sai s0, tic 1a Ab; = 0, ta viét lai phuong trinh (0.1)
duéi dang

— = 0.
X

Stt dung phuong phap binh phuong t6i thiéu, bang cach cyc tieu hoa
tong binh phuong sai phan ta thu dugce uéc lugng t6t nhat 2” nhu sau
oy

2 i @i

Tuy nhién trong thyc té, cac bién dugc do ludn c6 sai s6, nghia l1a Aa; # 0

X

va Ab; # 0. Trong trudng hop nay, ta can st dung phuong phap binh
phuong t6i thiéu toan phan dé nghién ctu bai toan, cach tiép can bai
toan bang phuong phap ndy mang nhiéu § nghia thuc té hon.

Luan van dugc chia lam hai chuong. Chuong 1 gidi thiéu vé phuong
phap binh phuong t6i thiéu toan phan cling mét s6 kién thic lien quan
nhu: Phan tich gia tri ki di, nghiém binh phuong téi thiéu, nghiém binh
phuong t6i thiéu c6 chuan nhé nhéat, nghiém binh phuong t6i thidu toan
phan, Dinh 1y vé nghiém binh phuong t6i thiéu toan phan,. ... Chuong 2
ciia luan van trinh bay mot s6 tng dung ctia phuong phap binh phuong
t61 thiéu toan phan trong nghién ctu hoi quy don tuyén tinh va hoi quy
phi tuyén. Mot s6 vi du s6 duge trinh bay dé minh hoa cho tinh hiéu

qua cua phuong phap.



Chuong 1

Giéi thiéu vé phuong phap binh

phuong t6i thiéu toan phan

Trong chuong nay, chiing toi trinh bay mot sé kién thiic lien quan
t6i phuong phap binh phuong téi thiéu, phuong phap binh phuong téi
thiéu toan phan va c6 minh hoa mot vai vi du khi st dung hai phuong

phap noéi trén.
1.1. Mot s6 ky hiéu va kién thitc co ban

e Ma tran chuyén vi ctia ma tran A ducc ky hieu 13 AT.

e R(S) (tuong tng R,.(S)) 1a khong gian sinh béi cac ¢t (tuong tng
cac hang) ciia ma tran S, N(S) ky hiéu la khong gian véc to khong hoic
la nhan cua S.

e Ma tran duong chéo A ¢ m x n ki hiéu la
A =diag(aq, -+ ,ap), v6i p=min{m,n}

Vi aj; =0v6ii#jvaa; =a; véii=1,...,p.
e Ma tran don vi ¢c6 m x m dugc ki hiéu la [,,, hay don gian 1a [.
e Cho phuong trinh
AX =B (1.1)

trong d6 A la ma tran ¢ m X n, X la ma tran ¢6 n x d, va B la ma



tran c6 m X d.

Nghiém binh phuong t6i thiéu c6 chuan nhé nhit ctia phuong trinh
(1.1) dugc ky hicu 13 X', nghiém binh phuong t6i thiéu toan phan c6
chuan nhoé nhét duge ky hieu 1a X.

Trong truong hop d = 1, ta c6 thé ki hiéu cac ma tran X, B bdi cac
véc tg x, b tuong tng.

e Chuan Frobenius ctia ma tran M ¢ m x n dugc dinh nghia béi

IM||F = (1.2)

trong d6 tr(MT M) 1a vét ctia ma tran M7 M.
e Chuan 2 hay chuan Euclide clia véc to y trong khong gian n chiéu

dugc dinh nghia bdi

ly[l2 = (1.3)
e Phan tich gia tri ki di - SVD.
Ky hiéu SVD cua ma tran A ¢ m x n, m > n cé dang
A=USV"T, (1.4)

trong do

U'= UL U, Ul = [, ), Uy=[ul,y, - 0l ] ul € R™, UTU = 1,
V/ = [U/17.'. 7U,], ’U; E R?’L, V,TV/ _— _[n,

n

Y = diag(o}, - ,0,) € R™" o) > .- >0 > 0.
Ta cung ki hiéu SVD ctia ma tran [A; B] ¢ m x (n+d), m > n c6 dang

[A;B] =USVT, (1.5)



trong do
U=[UyUs], Uy =lup, - ,upn), Up = [tny1, - um],u; € R™, UTU = I,

Viin 'V
V = H B - ['Ul, e 7Un+d]7 (% S RTH—CZ’ VTV = In+d,
Vor Voo

1 0
Y= ( ! > = diag(oy, - -, 0pyy) € ROFD = min{m — n, d},

0 X
¥, = diag(oy, -+ ,0,) € R,
31 = diag(opit, - -+, Onge) € RMTIXE

va o1 > -+ 2> opyt > 0.

1.2. Phuong phap binh phuong tbi thicu

Phuong phap binh phuong t6i thiéu (LS) 1a mot cach tiép can phd
bién khi giai hé tuyén tinh qui xac dinh, tic 13 s phuong trinh nhiéu
hon s6 an. N6i chung cac hé nhu vay khong c6 nghiem nhung ta tim
nghiém xap xi ctia hé bang cach cuc tiéu héa tdng binh phuong cia sai
s6 dugdc tao thanh khi gidi méi phuong trinh don 1é.

Xét bai toan tim =z € R"” thoa man phuong trinh

Az = b,

trong d6 b € R™ da biét va dit lieu A € R™", Khi s6 phuong trinh
nhiéu hon s6 an, titc 1a m > n thi hé dugc goi 14 hé qud zdc dinh. Trong
truong hop b ¢ R(A) thi hé qua xac dinh khong ¢6 nghiém chinh xéc,
do vay ta su dung ki hiéu Az ~ b.

Nghiem binh phuong téi thieu dugc trinh bay trong dinh nghia duéi
day.

Dinh nghia 1.1 Xét bai toan tim cyc ticu

min ||Az —blls, A€ R™" beR™. (1.6)
z€R™
Cuc tiéu ' bat ky dudc goi 1a nghiém binh phuong t6i thiéu cia he

Ax =~ b.



